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The regulatory role of T cells has been apparent since the

discovery that they were required as helper cells for B-cell

reponses. The work of Claman, Miller and Mitchison in

the 1960s1–3 laid the foundation for demonstrating the

separate lineages of T and B cells, and determining the

helper role of T cells for antigen-specific antibody

responses. Down-regulation, or suppression of immunity,

is the distaff side of help: clearly it must exist, either by

cell autonomous mechanisms such as apoptosis, or by

interactions of effector and/or memory cells with soluble

molecules or cells to limit their function or life span.

Antigen-specific help involving cell–cell interaction was

demonstrated by in vivo cell transfer.3 Gershon and

Kondo first raised the question of whether tolerance also

involved cell interactions,4 but when they described the

transfer of suppression, provokingly naming it ‘infectious

tolerance’, they raised a storm of protest and, indeed, had

some difficulty in getting that paper published.5

In the early 1970s the existence of T-cell subpopula-

tions became clear, initially from in vivo models of

cell-mediated immunity, graft-versus-host responses,6

extended to host-versus-graft responses against major

histocompatibility complex (MHC) alloantigens in vitro

to show the requirement for T helper cells in generating

cytotoxic T-cell responses.7–9 It was a short step to

assume the existence of an additional T-cell subpopula-

tion, and the term T suppressor cells became used as

the idea of them gained ground. This was explored in

a number of experimental systems, mostly in response

to extrinsic antigens, although arguments for alternative

mechanisms, including the now no longer talked about

anti-idiotype networks, were still considered. In one

instance the control of autoimmunity by a mechanism

including both anti-idiotypy and suppressor T cells was

proposed (see N&V commentary).10

By the mid-1970s it was established that MHC alloanti-

gens came in two flavours – the determinants recognized

by both the existing anti-H-2 antibodies (‘SD’) and allo-

specific cytotoxic T cells being widely expressed, while

those recognized by helper T cells (‘LD’)7 had limited tis-

sue expression, but were present on B cells and macro-

phages (dendritic cells had not yet been separately

identified).

This work also led to the realization that the H-2

‘locus’ in mice was a complex11 that contained two flank-

ing loci (H2K and H2D, encoding the ‘SD’ alloantigens,

now called MHC class I) and an intervening stretch con-

taining immune response (‘Ir’) genes controlling helper T

cells for antibody responses to certain antigens.12 ‘Ia’

(Immune response, antigen) was the name given to this

region after alloantibodies to ‘LD’ loci were initially

described.13 ‘Ia’ molecules are now called MHC class II

and the molecularly identified loci are designated H2A

and H2E to mirror the H2K and H2D nomenclature of

MHC class I loci (but see paragraph below on cloning of

the MHC). The terms ‘Ia’, IA and IE are anachronistic.

Summary

The history of regulatory T cells goes back to the realisation that T cells could provide ‘help’ for antibody responses: the

obverse of this is their ability to hold them in check. This brief personal overview follows the initial designation of T cells

as ‘suppressor’ and the various hypotheses, some now disproved, put forward for their mechanism of action. We now cau-

tiously label them T regulatory cells, but realise they do not control not all immune regulation. They probably operate

through several mechanisms, and some of these are discussed.
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The discovery of MHC restriction of H2K and H2D for

cytotoxic responses to viral epitopes,14 haptens15 and

minor histocompatibility (H) antigens16,17 was matched

by the realization that helper cells were similarly MHC

restricted by MHC class II molecules (then termed ‘Ia’).18

The physiological role of MHC molecules and the

requirement of them for T-cell responses was established.

However, this was before the cloning of the MHC

region. From studies using panels of intra-H2 recombi-

nant mouse strains it appeared that Ir genes controlling

immune responses to various antigens mapped to differ-

ent parts of the I region. This resulted in the original des-

ignation of IA, IB, IC, IE and IJ loci,11 and to the

attribution of genes in each subregion to the control of

immunity to the relevant antigens. The IA and IE loci

found favour with those working on T-cell help for B

cells and for cytotoxic T-cell responses involving H2K

and H2D targets,18–20 while I-J appeared, from the work

of several laboratories in Japan and the USA, to be crucial

for T suppressor cells.21

Another crucial development in the mid-1970s was

hybridomas for monoclonal antibodies.22 That not only

allowed the development of better reagents for defining

MHC-encoded molecules and T-cell subpopulations, but

also led to the use of hybridoma technology to make T–T

hybrids.23 Some of the first reports on these hybrids

described T suppressor hybrids whose function was tested

in vitro.24 The numbers of hybridoma cells available

allowed the performance of biochemical studies that had

previously been impossible, but some of the T-cell recep-

tor and IJ moieties reported in supernatants25 stretched

the imagination, and a certain skepticism began to grow

in sections of the immunological community, further

goaded by proposals from the Gershon camp of contra-

suppressor T-cell circuits.26

What then blew the T suppressor cell story out of the

water was the discovery, following cloning of the H2

complex, that the IJ region did not exist, and that the

T–T suppressor hybridomas did not transcribe T-cell

receptor genes.27,28 Suddenly, T suppressor cells became

the black sheep of the family, and it was a brave or fool-

hardy person who mentioned them by name.

However, experiments describing regulatory phenom-

ena continued to be reported and, to avoid opprobrium,

the preferred term for the cells involved has become

‘regulatory T cells’, or Treg cells. Many of the in vivo

systems in which they have been described have used

mice that are lymphopenic or deficient of a full T-cell

reportoire;29–31 autoimmunity is then induced in these

mice. It is more difficult to produce similar results in

immunosufficient mice in which the homeostatic mecha-

nisms are intact. However, in the transplantation setting

experimental transfer of tolerance to intact recipients has

been reported,32 and this type of result, together with

occasional clinical reports of sustained long-term allograft

survival after withdrawal of immunosuppression,33 are

consistent with the establishment of regulatory circuits.

Recently a new dimension to the story has been pro-

vided by the discovery that the transcription factor

FOXP3 is expressed in Treg cells;34 in mice at least this

marker appears to be limited to T cells with regulatory

function. Although in humans FOXP3 is expressed more

widely than a subpopulation of T cells, there is no doubt

that humans and mice whose FOXP3/Foxp3 gene is defec-

tive succumb to a disease that bears all the hallmarks of

autoimmunity.35,36

There is currently a growth industry in ascribing all

manner of T-cell regulation to this ‘Treg-cell subpopula-

tion’, with the assumption of a separate lineage of

CD4+ FOXP3+ T cells. The claims for a role of Treg cells

in every ill known to mouse and humans, from cancer to

autoimmunity, need critical evaluation, including investi-

gations of the mechanism(s) of suppression. Transfer

in vivo of suppression by a cell population of a particular

phenotype is just the first step, and the effects need to be

evaluated with caution. Regulatory pathways are likely to

be complex and may be triggered by interactions further

downstream and independent of FOXP3 expression.

Factors other than Treg can affect the induction or

expression of immune responses. To mention a few,

removal of antigen by antibodies or specific cytotoxic

T cells can curtail the response,37 clonal deletion or inac-

tivation of antigen-specific T cells can occur in the

periphery as well as in the thymus,38 mesenchymal stem

cells can diminish allograft responses in vitro and in vivo,

possibly by inducing cell cycle arrest,39 transforming

growth factor-b is a powerful but complex immunoregu-

latory mediator,40 macrophages and dendritic cells can

vary the expression of key molecules involved in calling

up immunity or the obverse,41 homeostatic control of

T-cell compartments can control the expansion of one or

another component, with functional effects,42 competing

clones of CD8+ T cells establish immunodominant hierar-

chies in response to epitopes of minor H antigens in

which antibodies play no part43 and CD8+ T cells can

express inhibitory natural killer (NK) receptors that rec-

ognize non-classical MHC class I molecules, limiting the

response to minor H determinants.44

The question of antigen specificity is another important

aspect to address. It is relevant to understanding the

mechanism(s) of regulation observed in any given situa-

tion. The long-term survival of allogeneic transplants is

dependent on the continued presence of the graft, long

after donor antigen-presenting cells have gone. In this

case, indirect presentation by recipient dendritic cells of

processed H antigens from the somatic tissue of the graft

appears to drive the regulatory circuit, possibly by main-

taining Treg cells and/or their mediators.41 Since such

recipients can reject third-party grafts, there must be an

element of specificity in such regulation. It is important
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to understand this for therapeutic manipulation because

non-specific regulation would result, for example, in

increased susceptibility to infection with the abrogation of

graft-versus-leukaemia effects following bone marrow

transplantation and donor lymphocyte infusion for treat-

ment of leukaemias.

There is a tendency not to consider mechanisms for

regulation of immunity other than ‘Treg’ cells. This, like

attempts ‘to prove a hypothesis’ instead of designing

experiments to disprove it, is unsound: evidence consis-

tent with a hypothesis can be found, but it cannot be

proved. It is telling, however, if experiments to disprove a

hypothesis fail to do so: that strengthens the case for it.

The notion of regulatory T cells as the kingpin for

T-cell-mediated regulation is a powerful one. The phe-

nomenon of regulation clearly exists, or our lymphocyte

compartments would overflow, but the mechanisms are

likely to be as complex as any other in biology. They need

careful unravelling rather than ascribing this function to a

single cell type, otherwise the Treg cell risks going the

way of the T suppressor cell.

Acknowledgements

I thank Julian Dyson and Derry Roopenian for their criti-

cal reading of this review. It should be noted that the

publications cited are illustrative rather than exhaustive.

References

1 Chaperon EA, Selner JC, Claman HN. Migration of antibody-

forming cells and antigen-sensitive precursors between spleen,

thymus and bone marrow. Immunology 1968; 14:553–61.

2 Mitchell GF, Miller JF. Cell to cell interaction in the immune

response. II. The source of hemolysin-forming cells in irradiated

mice given bone marrow and thymus or thoracic duct lympho-

cytes. J Exp Med 1968; 128:821–37.

3 Mitchison NA. The carrier effect in the secondary response to

hapten–protein conjugates. I. Measurement of the effect with

transferred cells and objections to the local environment hypo-

thesis. Eur J Immunol 1971; 1:10–7.

4 Gershon RK, Kondo K. Cell interactions in the induction of tol-

erance: the role of thymic lymphocytes. Immunology 1970;

18:723–37.

5 Gershon RK, Kondo K. Infectious immunological tolerance.

Immunology 1971; 21:903–14.

6 Cantor H, Asofsky R. Synergy among lymphoid cells mediating

the graft-versus-host response. 3. Evidence for interaction

between two types of thymus-derived cells. J Exp Med 1972;

135:764–79.

7 Schendel DJ, Alter BJ, Bach FH. The involvement of LD- and

SD-region differences in MLC and CML: a three-cell experiment.

Transplant Proc 1973; 5:1651–5.

8 Janeway CA, Sharrow SO, Simpson E. T cell populations with

different functions. Nature 1975; 253:4.

9 Cantor H, Boyse EA. Functional subclasses of T lymphocytes

bearing different Ly antigens. II. Cooperation between subclasses

of Ly+ cells in the generation of killer activity. J Exp Med 1975;

141:1390–9.

10 Simpson E. ‘Regulating the immune system’. Nature 1978;

273:99–100.

11 Klein J. Biology of the Mouse Histocompatibility-2 Complex:

Principles of Immunogenetics Applied to a Single System. Berlin:

Springer, 1975.

12 McDevitt HO, Tyan ML. Genetic control of the antibody

response in inbred mice. Transfer of response by spleen cells and

linkage to the major histocompatibility (H-2) locus. J Exp Med

1968; 128:1–11.

13 Sachs DH, Cone JL. Ir-associated murine alloantigens: demon-

stration of multiple Ia specificities in H-2 alloantisera after selec-

tive absorptions. J Immunol 1975; 114:165–9.

14 Zinkemagel RM, Doherty PC. Restriction of in vitro mediated

cytotoxicity in lymphocytic choriomeningitis within a syngeneic

or semi-allogeneic system. Nature 1974; 248:701–2.

15 Shearer GM. Cell-mediated cytotoxicity to trinitrophenyl-modi-

fied syngeneic lymphocytes. Eur J Immunol 1974; 4:527–33.

16 Gordon R, Simpson E, Samelson L. In vitro cell-mediated

immune responses to the male specific (H-Y) antigen in mice.

J Exp Med 1975; 142:1108–20.

17 Bevan MJ. The major histocompatibility complex determines

susceptibility to cytotoxic T cells directed against minor histo-

compatibility antigens. J Exp Med 1975; 142:1349–64.

18 Erb P, Feldmann M. The role of macrophages in the generation

of T-helper cells. II. The genetic control of the macrophage-

T-cell interaction for helper cell induction with soluble antigens.

J Exp Med 1975; 142:460–72.

19 Cowing C, Pincus SH, Sachs DH, Dickler HB. A subpopulation

of adherent accessory cells bearing both I-A and I-E or C sub-

region antigens is required for antigen-specific murine T lympho-

cyte proliferation. J Immunol 1978; 121:1680–6.

20 Hurme M, Hetherington CM, Chandler PR, Simpson E. Cyto-

toxic T cell responses to H-Y: mapping of the Ir genes. J Exp

Med 1975; 147:758–67.

21 Okumura K, Takemori T, Tokuhisa T, Tada T. Specific enrich-

ment of the suppressor T cell bearing I-J determinants: parallel

functional and serological characterizations. J Exp Med 1977;

146:1234–45.

22 Kohler G, Milstein C. Continuous cultures of fused cells secret-

ing antibody of predefined specificity. Nature 1975; 256:495–7.

23 Goldsby R, Osborne BA, Simpson E, Herzenberg LA. Hybrid cell

lines with T cell characteristics. Nature 1977; 267:707.

24 Kontiainen S, Simpson E, Bohrer E et al. T-cell lines producing

antigen-specific suppressor factor. Nature 1978; 274:477–80.

25 Healy CT, Kapp JA, Webb DR. Purification and biochemical

analysis of antigen-specific suppressor factors obtained from the

supernatant, membrane, or cytosol of a T cell hybridoma.

J Immunol 1983; 131:2843–7.

26 Ptak W, Green DR, Durum SK, Kimura A, Murphy DB,

Gershon RK. Immunoregulatory circuits which modulate

responsiveness to suppressor cell signals: contrasuppressor cells

can convert an in vivo tolerogenic signal into an immunogenic

one. Eur J Immunol 1981; 11:980–3.

27 Kronenberg M, Steinmetz M, Kobori J et al. RNA transcripts for

I-J polypeptides are apparently not encoded between the I-A and

I-E subregions of the murine major histocompatibility complex.

Proc Natl Acad Sci U S A 1983; 80:5704–8.

� 2008 The Author Journal compilation � 2008 Blackwell Publishing Ltd, Immunology, 123, 13–16 15

Regulation of immune responses



28 Kronenberg M, Kraig E, Siu G, Kapp JA, Kappler J, Marrack P,

Pierce CW, Hood L. Three T cell hybridomas do not contain

detectable heavy chain variable gene transcripts. J Exp Med 1983;

158:210–27.

29 Sakaguchi S, Sakaguchi N, Asano M, Itoh M, Toda M. Immuno-

logic self-tolerance maintained by activated T cells expressing

IL-2 receptor alpha-chains (CD25). Breakdown of a single mech-

anism of self-tolerance causes various autoimmune diseases.

J Immunol 1995; 155:1151–64.

30 Powrie F, Correa-Oliveira R, Mauze S, Coffman RL. Regula-

tory interactions between CD45RBhigh and CD45RBlow CD4+

T cells are important for the balance between protective and

pathogenic cell-mediated immunity. J Exp Med 1994; 179:589–

600.

31 Leach MW, Bean AG, Mauze S, Coffman RL, Powrie F. Inflam-

matory bowel disease in C.B-17 scid mice reconstituted with the

CD45RBhigh subset of CD4+ T cells. Am J Pathol 1996;

148:1503–15.

32 Waldmann H, Cobbold S. Regulating the immune response to

transplants: a role for CD4+ regulatory cells? Immunity 2001;

14:399–406.

33 Starzl TE, Demetris AJ, Murase N, Trucco M, Thomson AW,

Rao AS. The lost chord: microchimerism. Immunol Today 1996;

17:577–84.

34 Fontenot JD, Gavin MA, Rudensky AY. Foxp3 programs the

development and function of CD4+CD25+ regulatory T cells.

Nat Immunol 2003; 4:330–6.

35 Brunkow ME, Jeffery EW, Hjerrild KA et al. Disruption of a

new forkhead/winged-helix protein, scurfin, results in the fatal

lymphoproliferative disorder of the scurfy mouse. Nat Genet

2001; 27:68–73.

36 Wildin RS, Ramsdell F, Peake J et al. X-linked neonatal diabetes

mellitus, enteropathy and endocrinopathy syndrome is the

human equivalent of mouse scurfy. Nat Genet 2001; 27:18–20.

37 Shinohara N, Watanabe M, Sachs DH, Hozumi N. Killing of

antigen-reactive B cells by class II-restricted, soluble antigen-spe-

cific CD8+ cytolytic T lymphocytes. Nature 1988; 336:481–4.

38 Monk NJ, Hargreaves REG, Marsh J, Sacks SH, Millrain M,

Dyson JP, Simpson E., Jurcevic S. Fc-dependent depletion of

activated T cells occurs through CD40L-specific antibody rather

than co-stimulation blockade. Nat Med 2003; 9:1275–80.

39 Glennie S, Soeiro I, Dyson PJ, Lam EW, Dazzi F. Bone marrow

mesenchymal stem cells induce division arrest anergy of acti-

vated T cells. Blood 2005; 105:2821–7.

40 Veldhoen M, Hocking RJ, Atkins CJ, Locksley RM, Stockinger B.

TGFbeta in the context of an inflammatory cytokine milieu

supports de novo differentiation of IL-17-producing T cells.

Immunity 2006; 24:179–89.

41 Yates SF, Paterson AM, Nolan KF, Cobbold SP, Saunders NJ,

Waldmann H, Fairchild PJ. Induction of regulatory T cells and

dominant tolerance by dendritic cells incapable of full activation.

J Immunol 2007; 179:967–76.

42 Stockinger B, Kassiotis G, Bourgeois C. Homeostasis and T cell

regulation. Curr Opin Immunol 2004; 16:775–9.

43 Choi EN, Yoshimura Y, Christianson GJ, Sproule TJ, Malarkan-

nan S, Shastri N, Joyce S, Roopenian DC. Quantitative analysis

of the immune response to mouse non-MHC transplantation

antigens in vivo: the H6O histocompatibility antigen dominates

over all others. J Immunol 2001; 166:4370–9.

44 Robertson NJ, Chai JG, Millrain M et al. Natural regulation of

immunity to minor histocompatibility antigens. J Immunol 2007;

178:3558–65.

16 � 2008 The Author Journal compilation � 2008 Blackwell Publishing Ltd, Immunology, 123, 13–16

E. Simpson


